SUMMARY : Mice were infected intravenously with 0.5 mg of a virulent strain of M, bovis. The lungs were separated from the moribund mice 3 to 4 weeks after infection.
INTRODUCTION
The culture filtrate of mycobacteria contains the active principle capable of eliciting the tuberculin reaction in sensitized animals. Many attempts have been made to isolate proteins and polysaccharides from heated or unheated filtrate of cultures in synthetic liquid media to investigate their chemical and biological properties (Seibert, Pedersen and Tiselius, 1938; Seibert, 1949; Yoneda and Fukui, 1961 a,b; Fukui and Yoneda, 1961; Magnusson, Kim and Bentzon, 1963; Aff ronti, Parlett and Cornesky, 1965; Kondo, Asami and Kataoka, 1966) . From these studies, a conclusion has been drawn that the tuberculin-active principle is protein as represented by PPD (purified protein derivatives) of Seibert. It is widely accepted that tuberculin hypersensitivity plays a major role in pathogenesis of tuberculous infection and also in anti-tuberculous immunity (Rich, 1944; Mackaness, 1968) . In this regard, questions are raised as to whether mycobacteria in the host secrete or release the tuberculin-active substances into the surrounding tissue and whether they are identical with PPD obtainable from filtrate of culture in an artificial liquid medium. We have little information to answer these questions. Therefore, we attempted to separate the tuberculin-active proteins from the heavily infected animal tissue and to characterize them. around 18 g on the average, were of the commercially available dd strain. Every 10 mice were housed in a metal box with a wire grid top floored with wood shavings, and fed with pellet diet and water.
Guinea pigs were albino males, weighing around 400 g. Every 5 guinea pigs were housed in a metal cage and fed with pellet diet and water.
Micro-organisms: M. bovis (Ravenel strain) was used to infect mice. The strain was maintained on Sauton synthetic culture medium and bacillary suspensions were prepared in the same manner as that described previously (Kanai and Kondo, 1971) .
Infection of mice: Mice were infected intravenously with 0.5 mg of the above strain.
Sensitization of guinea pigs: Guinea pigs were sensitized with 1 mg (dried weight) of heat-killed cells of Ravenel strain suspended in 0.5 ml of mineral oil. The inoculum was injected intramuscularly on the left thigh. These animals were subjected to tuberculin skin tests at least 3 weeks after sensitization. Some other guineaa pigs were sensitized with heat-killed cells of the same strain harvested directly from the infected mouse lungs (Rondo and Kanai, 1972) , instead of the in vitro grown cells. Tuberculin skin test : To examine the tuberculin activity of separated samples, skin tests were conducted in the sensitized guinea pigs by injecting intracutaneously with 0.1 ml of each sample on the back. Reading the reactions was made by measuring the diameters (mm) of induration in 24 and 48 hr after injection..
More than two samples were usually applied to one guinea pig. Each sample was injected into several animals at different sites to minimize the site difference.
Preparation o f PPD:
The PPD preparation to serve for a reference tuberculin in the present experiment was obtained from filtrate of culture in Lind bII synthetic liquid medium (Lind, 1948) in which M. tuberculosis (Aoyama B strain) had been grown for 6 to 8 weeks.
The culture was heated at 100 C for 30 min and filtered through a filter paper to remove the pellicle growth. The filtrate was let pass through a large Seitz filter. The bacillus-free filtrate was concentrated by ultrafiltration to about 1/50 volume of the original culture.
The membrane was washed three times with M/45 phosphate buffer.
To the concentrated filtrate, the same volume of a saturated ammonium sulfate solution, pH 7.0, was added and the mixture was left standing overnight in an ice box. The resulting precipitate was collected by centrifugation and dissolved in M/15 phosphate buffer. The fractionation at 50 % saturation of ammonium sulfate was repeated twice more. The final precipitate was dissolved in water, dialyzed against running tap water for 3 to 4 days, and then subjected to gel-filtration on a column of Sephadex G-50 (coarse) to remove the remaining ammonium sulfate. The protein-positive fractions were combined, concentrated, lyophilized and stored in a desiccator. Before use, this dried material was dissolved in the buffer and separated into 3 subfractions (PPD-1, PPD-2, PPD-3) of different molecular weights by gel-filtration on a Sephadex G-100 column. The elution pattern is shown in Fig. 1 . The fraction PPD-3 was used in the present experiment. Separation of tuberculin-active proteins from the tissue supernatant: The starting material (320 ml) was half-saturated by adding with 112 g ammonium sulfate and left standing at 4 C. The precipitate was collected by centrifugation and dissolved in 260 ml of M/15 phosphate buffer of pH 7.0. There was some insoluble material, which was removed by centrifugation.
The ammonium sulfate fractionation was repeated twice more. The final precipitate was dissolved in 35 ml of the buffer and dialyzed against running tap water for 4 hr and then against the same buffer for 30 min. Two protein peaks, large and small, appeared. The fractions Nos. 8-14 of the first protein peak (Fr. 1) were reddish and those Nos. 20-28 of the second one (Fr. 2) colorless and transparent.
The combined fractions were tested for sugar contents with anthrone reagent, and then let pass through a Berkef eld filter. The filtrate was used for the skin test in the tuberculin-sensitized guinea pigs. The ratio of sugar (mcg glucose equivalent/ml) to protein (mcg tyrosine equivalent/ml) was 11/123 for Fr. 1 and 177/117 for Fr. 2.
A preliminary survey for tuberculin activity with the two fractions containing protein of similar amounts (24 mcg tyrosine equivalent) showed that Fr. 2 caused a typical delayed (24 hr) skin reaction with clearly demarcated induration and redness of 18 to 21 mm in diameter; but Fr. 1 only yellowish discoloration of the skin without induration or redness. In 48 hr, the reactions to Fr. 2 were still marked maintaining 14 to 15-mm diameters, but those to Fr. 1 had faded away. Neither fraction produced any appreciable skin reaction within 24 hr in normal guinea pigs. These observations may suggest that Fr. 1 contained mainly proteins of the tissue origin and Fr. 2 mycobacterial proteins.
To confirm this possibility, the lungs from 65 normal mice were fractionated in a similar way.
Gel-filtration on a Sephadex G-100 column of the proteins precipitated The elution pattern (Fig. 5 ) of gel-filtration on a Sephadex G-100 column (1.5 X 22.5 cm) indicated that the molecular weights of the proteins were rather small ranging around that of cytochrome c (mw. 12,400). 
DISCUSSION
The present study was undertaken to separate the tuberculin-active proteins from the experimentally infected animal tissue.
To attain this objective, the following conditions seemed necessary : (1) a large number of mice had to be infected so that the source organs could be obtained in an enough amount; (2) the bacilli should have been highly virulent so that they could multiply to a large number in the organ releasing a large amount of tuberculoproteins into the surrounding tissue; (3) the organs should have been removed from the infected animals when the bacilli were in the logarithmic growth phase in that tissue; and (4) separation of the active proteins must have been conducted with the tissue homogenate freed of the bacilli.
We thought that, if these conditions were satisfied the tuberculin-active proteins released from the multiplying bacilli would be obtained from the tissue by suitable fractionation procedures.
The removal of the acid-fast bacilli from the tissue homogenate was confirmed by Ziehl-Neelsen stain.
Although a minute amount of the bacilli could still be present in the homogenate, it was unlikely that tuberculoproteins extracted therefrom by heating constituted a significantly large portion of our preparation.
From such basic considerations as above, we employed the mouse lungs infected with a highly virulent strain (Ravenel) of M. bovis as the source material. The previous experiences (Kondo et al., 1971; Kondo and Kanai, 1972 ) also encouraged us to this attempt.
It is well-known that tuberculoproteins in the culture filtrate are highly heat-stable at least regarding tuberculin-activity.
Even by heating at 120 C for 20 min, tuberculoproteins do not coagulate.
Therefore, the bacillus-free tissue supernatant was autoclaved to coagulate most tissue proteins leaving tuberculoproteins in a soluble form. In fact, this heating appeared to facilitate the separation and fractionation of the tuberculin-active proteins performed later. However, if mycobacteria had elaborated and excreted heat-coagulable protein(s) into the surrounding tissue unlike the case of the in vitro growth, the heating should have destroyed it. And, if tuberculoproteins had formed a complex with macromolecular tissue components in the host, we should have devised some other fractionation method.
Though we have no answer to these two questions, the next findings would be worthy of attention.
Fr. 1 and Fr. 2-a in the present experiment did not produce any skin reaction in normal guinea pigs, but they elicited definite skin reactions in tuberculin-sensitized animals. Nevertheless, the mode of development and appearance of these skin reactions were not of the typical delayed (tuberculin) nor of the immediate (Arthus) type. To account for this observation, further fractionation and purification of the two fractions would be needed. We wonder whether these fractions were simply mixtures of tuberculin-active proteins and isolated tissue components or they consisted of some particular tissue-bacillus conjugated materials.
We should also be aware of the fact that the fractions separated from the mouse tissue were injected into the guinea pig skin to examine for tuberculin-activity.
The problem of animal species was, therefore, present here.
On the other hand, the isolation of Fr. 
